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The theoretical point of a frog may be found as ; 
place where the frog is 4 inches wide from gaufi;e to ga 
beginning, measure toward the point 4 times as many 
ber of tlie frog. Mark the wing rail opposite, and the '. 
opposite the theoretical point of frog. 

The figures given in the diagrams for the leads (distj 
of the frog to the head-block) to frogs in straight main t 
in the curved main track, provided the main track f oi 
within the limits of the lead, except as to the degree o 

When the frog is in the outside rail of the curve of 
degree of curve of the lead will equal the degree of 
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SWITCHES AND CR 

In using the figures from the diagrams, 
the lead and measure the partial distanc 
frog toward the head block. If made stri 
these partial distances, the offsets given c 
lead which is exactly right, if the angle • 
nearly right if the angle of the frog is nea 
enables a man with an unpracticed eye tc 
also avoids the necessity for lining the ra 

Ties should be laid in the same order 
and with ^^O-in. centres, unless such spac 
nections or the proper spiking of the joi 
the tie on any road is longer or shorter tl 
added to or taken from the lengths of the 

The figures given for split switches a 
ft. long with a 5f-in. oltset from the stoc 
The planing of 15 ft. points varies, how 
aflects the ani>:le made with the stoek-i 
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lengths of lead and intennediate offsets will be applicable to most of ihe 
15-ft. points in use. 

In split switches the point-rail is that part of the lead which turns 
the truck most abruptly. For that reason it has not been thought advis- 
able'to consider a x>oint-rail which makes a sharper angle than the one 
shown in this work. Fifteen feet is an economical length at which to cut 
points, and 6f in. allows room for a spike at the heel of the x>oint*raiL 
when its base does not exceed 6 in. It does not ease the transition from 
the main track to the curve of the lead, nor does it lessen the curvature 
of the lead appreciably, to curve the point-rails on their unplaned portion. 
In consequence the x>oint-rail has been considered straight throughout its 
whole length in these calculations. With the point-rails turned for the 
side track, it is probable that the heel of the planed portion will not 
always touch the stock rail if the joint at the heel of the point-rail is 
fully bolted, but the passage of a track will have the effect of forcing it 
there, making the point-rail tangent to the curve of the lead, although its 
-^z^jcH^aj^ance may not indicate it when the switch is not in use. 



SWITCHES AND CROSSOVERS. 

In the diagrams of combinations consisting of two i 
three frogs, that diagram is first given which provides 
clear room for attaching rod No. 1 to the second switcl 
rail has a base, and the switch-stand a throw, of not to 
the case of a narrower rail-base, or less throw to theswitc 
ance is of course greater, but 2 in. will admit of a special 
tion without interfering with the point-rail of the first sw 
ceeding page will be found a diagram of a combinatic 
takes up less room in the track, but which requires thai 
lead-rail of the first switch shall be cut away to allow i 
«age of the head-rod of the second switch. From an ii 
combinations, which are designed in such a way as to pi 
of ordinary frog angles, it will be seen that many of the 
for general use on account of the close or special work n 
ling the frogs together and for arranging the wing-rails. 

in cases where both switches turn toward the same 
track, it is evident that one of the tracks shown in the di 
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out from the maiu track becomes the mala tracJc, and the degree of cnrva- 
tnre ot the first lead equals the sum of the degrees of curvature of both 
leads iu the table. The other dimensions, although not mathematically 
exact for thia change, are practically so if the main track is a straight line 
or a simple curve. It is important to notice in the diagram which frog 
Is ahead, although it does not matter on which side of the track it is. 
The leads of stub switches are computed on the same premises with 
regard to frogs as are the leads of split switches. The movingml is in no 
case regarded as moving more than 22 ft. back from the head-block, and 
has a switch stand throw of 5 iu. K more mil than 2i ft. is left uuspihed 
it is unlikely that it will be affected by the movement of the switch-stand. 
While it is probable that the moving rail will in practice assume a curve 
differing somewhat from a circular curve, it has been regarded as a 
simple curve in these calculations, either of the same degree as the rest of 
the lead, or of that degree due to a deflection of S in. from a straight line 
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of split switches are true of 3-throw stub switclies, which latter, however, 
are for many economic reasons to be avoided if possible. The lengths of 
leads given in the diagrams differ a little from some in U3e, mainly becanse 
therigidity of the frog ia regarded as a necessary factor in these calenla- 
tions. If the leads o£ the switches given are shortened the degree of cur- 
Tature is evidently increased, white if the leads are lengthened, a portion 
is just as positively, though perhaps less evidently, increased in degree of 
curvature. The simple curve which uuites the langent at the frog with 
the tangent of the switch-rail at the switch-stand is therefore the easiest 
and the best line to follow. 

The diagrams showing the positions of frogs in ci'ossovers g^ve the 
proper location of the frogs when the main tracks are straight and con- 
nected by a piece of straight track, or when the main tracks are curved, 
and I he frogs are connected by a piece of track whose degree and direc- 
tion of curvature is the same as that of the main tracks. 

Owing t-o the condition, ia the leads of frogs of small angles, that the 
point rail makes a much greater deflection from tlif, sto<ife-'^'*^NJw^its«^ >;i.*i5^ 
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of the lead cnnre would make, it follows that the lead from point of switch 
to frog is virtually a compound curve with its sharper portion at the point 
end. This compound curve of lead sometimes becomes a reversed curve 
when a frog is in the outside rail of a curve sharper than the ]ead of a sim- 
ilar frog in straight track, and the lead will look awkward when the 
above limit of curvature of main track is approached. A remedy for thi i 
awkward appearance, which can be applied in many cases, is to reduce the 
bend in the stock rail and put the balance of the bend in the opposite rail 
of main track, which is ordinarily kept straight. This introduces a com- 
pound curve in the main track between the frog and the bend, and the 
offsets to lead given in the table will not apply exactly, but the standard 
length of lead will be nearly enough correct. It follows from the foregoing 
that a wide frog generally looks better on the outside of a curve, and that it 
is advisable in a combination of frogs to put the wider one in the outside 
rail of a curved main track. 
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CURVE EASEMENTS. 



Transitions from tangent to curve or from lighter curve to sharper 
curve by the introduction of equal chords of regularly increasing degree 
of curvature. 

The object of easing carves at their extremities is to turn the truck 
gradually, and thus avoid shock to car and rail, and also to secure a grad- 
ually increasing elevation of the outer rail, without having that elevation un- 
duly great at any point. It is manifest that the elevation due to a sharp 
curve cannot be used at the point where that carve is changed to a straight 
line without carrying a decreasing elevation for some distance from the 
point of curve along the straight line. This elevation on tlie strai<,'ht line, 
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if at all pronounced, gives an unpleasant sensation, and it is the aim of 
good trackmen to adapt the line at the ends of curves to tlie super-eleva- 
tion which they have to reach. The practical result of lining this part of 
the track by eye generally introducea an unnecessarily tlat piece of curve 
and an unnecessarily sharp piece of carve into the transition, and the 
changing super-elevation seldom accords throughout the transition with 
the changing degree of curve. 

The method V'orsued in the following tables secures a practically 
gradual transition, the ease of passage being dependent upon the length 
of chords used and upon the amouiit of change in the degree of curvature 
of successive chords. The stakes for lining the transitions can scarcely 
be set except by an engineer. The formulas for the various cases are 
within the easy comprehension and use of a competent surveyor. The 
functions of the transition curve which are used in the formulas and in 
laying out the work are illustrated hy the seven "plates" immediately suc- 
ceeding tills text. 

' "■" '■'fa/i/ns" (I. to X. inclusive) the equal chords AB, BC, CD, and 
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DB, of the transition cnrves (AE of plates) are designated by thedegree 
of the curve they subtend. 

That end of an equal chord which Joins an equal chord ot less cur- 
vature is designated as the " small end," the other as the "large end;" 
thus B is the "small end" and C is "large end" of chord BC, ot 
plates. 

The transition curve uniting a tangent with a central curve of given 
degree of curvature should begin with its chord of least degree of curva- 
ture and be carried to the "large end" of the chord whose dsgree of cur- 
vature is next below that of the central curve. For example, to unite a 
'6° curve with a tangent, the suitable transition curve !)y Table IV. is the 
chords 0" 30' to 2" 30' inclusive. By Table X. the suitable transition curve 
is the chords 0" 15' to 2° 45' inclusive. 

The transition curve uniting b-anches of a com pound curve should be 
between the limits of the chord whose degree of curvature is next above 
that of the lighter one of the branches of the compound cui'vc, au<l the 
chord whose degree of curvature is next below that of the sharper one of 
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f the compound curve For example, to unite a 

suitable transition curve, by Table III., is the < 

Y Table IX. the suitable transition curve is the 

sive. The limitations of the transition curve 

; above, the functions used in formulas (under 

taken from Sections A, B, C, D and E of su( 

'.. inclusive, as represents the transition adopt' 

'B^' of the tables give, above the heavy hor 

from the tangent through the "small end' 

' ^^ column to the ''large end ''of the cb 

^T'qnsition represented b 



Beetiona "U" or ttie tables give below tlie iienvy Uonzontal lines 
of tables the projections upon the tangent through the "small end"' of 
chord marked at foot of column, of the lines joining that point of tangent 
witli the " large end " of the chords marked on the left. These lines join- 
ing? the ends of the equal chords are hereafter designated " long chords." 
For example, in the transition represented by Table IV., the projection 
upon the tangent throDgh. the "small end" of the 0° yo' uhord of the 
"long chord" joining the "small end" of the U" SU'chord with the "large 
end "of the 2° ail' chord, is found below heavy horizontal line of Table 
IV., Section "B," in eolnmn marked at the foot 0° 30' and in space 
marked on the left 2° SO', and it is 219.88 ft. Also, for further example, 
in the transition represented by Table IX., the projection upon the tan- 
gent through the "small end" of the 2° 30' chord, of the "long chord," 
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1 end'' of the 2° 30' chord with the ''large ^^. 
>iind below heavy horizontal line of Table IX., 
marked at the foot 2*^ M' and in space marked on 
4.t55 ft. 
actions of long chords upon tangents " are illustri 

" of the tables give the prolongations of the radi 
''small end" of chord at head of first column 
he chord in that and other columns. For ex? 
Tesented by Table IV., the prolongation of t' 
^ " of the 2^ 30' chord to the tangent tb 

'*— H in Table IV., Sectio 
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,91ft These "prolongations of radii to tangent" 
late 3. 

Sections " D"of the tables give above the heavy 1 
'.bles, the lengths of the "long chord" joining the " 
lords marked at head of column, with the "large ei 
arked on the right. For example, in the transition rep; 
\, the length of the "long chord" Joining the "sr 
30' chord with the. "large end" of the 2° an' chord is fo 
dzontal line of Table IV,, Section "D", in column ma 
JO', and in the space marked on the rieht 9° o-' - 
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tables the angles between the tangent through the "small end" of the 
chord marked at foot of column, and the tangent thiough the "large' 
end" of chord maikel at left. The angles, therefore, represent the 
amount of change in direction accomplished witbin the limits of the tran- 
sition. For example, in the transition represented by Table IV., the angle 
between the tangent through the " mall end" of the U^ an' chord and the 
tangent through the ''largf end" of the 2° iiO' chord ia found below the 
heavy honzjntal line of Table I\ ., Section "D," in column marked at 
the foot u" 3/ and in space marked on the left 2° 3u', and it is '6° 45'. 
For further example, in the transition represented by Table IX. the angle 
between the tsingent through the "small end" of the 3"*/ cliord and t tie 
tangent through the "large end " ol the &° Si^' chord is found below the 
heavy honzontal line of Tabhi IX , Section "i>," in column marked at 
the foot 2^ 3i/ and in si)a<!e marked on the left ft" Si>', and it is 7". The 
" curvature due to coni|)ounding" is illusti'ated by Plate fl. 

f^el'tions " E" ot tlii! tuliles nive tlii' dist inces on the tangent through 
^/y.. ■■.,w.7« ojjfj" of tlie (;lir)rd ni-ij'kf-d at lieiid of first, column, from tliat 
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■ CURVE EASEMENTS. 

point of tangent to an intersection with radii prolonged tkrougli tl: 
ends" of that cliord and the choi-ds marked at the liead of other i 
For example. In the transition represented by Table IV., tbe dit 
the tangent through the " small end" of the 0° '6\i' chord from th' 
point to the inceraection with the radius prolonged through thi 
end" of the 2° Si/ chord, is found in Table IV., Section " E" ii 
marked 2° aO', and it is 2.iu.28 ft- 

For further example, in the transition represented by Table 
distance on the tangent through the '' small end" of the u" 15' ch« 
the tangent point to the intersection with the radius prolonged thr 
" large end" of the a" 45' chord, is fouud in Table A., section 
column marked 2° 45', and it is 275 ;(5 ft. This "tangent lengtl 
pounding" is illustrated on Plate 3 The limits of the curve wit ti 
sition having been determined by formulas in cases 1 to 4 inclu; 
points of transition may be established by the deflection angles 
isections " a" of the tables. 

The angles below the heavy horizontal lines of tables are tliO'it' 
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the tangent through the " small end" of the chord marked at bottom of 
column and lines from that point of tangent to the ''large ends" of the 
chords marked on the left. These angles are iiluatrated on Plate 6. The 
angles above the heavy horizontal lines of tables are those between the 
tangent through the " large end " of the chord marked at head of column 
and lines from that point of tangent to the "small end" of the chords 
marked od the right. These angles are illustrated on Plate 7. For 
example, it is desired to set stakes for transition from a tangent up to a y 
curve, using chords of 50 ft. leagth, varying W in degree of curvature. 
The angles to turn off are found in Table V"., Section ■' A ". The point of 
curve is in this case the "small end" of the 0° 15' chord, and the angles to 
turn trova a set up at this point are found below the heavy horizontal line 
of Table V., Section "A," in column marked 0° 15' at its foot. The detiec- 
tion to the " large end " of the o° 15' choid is H^', and is found in this column 
in the space marked 0° 15' on left. The deflection from same set up to the 
"large end " of the 0" 8o' chord in i)^', and so on to a deflection of '2° 52^' to 
tin; "liiige end" of the 2° 45' rii(ird. 
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The angle between the "long chord " joining the "large end "of the 
S° 45' chord with the "small end" of the 0° Ij' chord, and the tangent at 
the " large end " of the 2" 46' chord, is found above the heavy horizontal 
line of table in column marked 2° 46' at the head, and in the space marked 
0° 15' on the right, and it is 5" a2J'. 

It may be necessary to make an intermediate set up as at the "large 
end" of the 1° lH' chord. The deflection to this point from the tangent 
through ihe "small end" of the 0° Ifi' chord is 41'. The angle which the 
"long chord" connecting the "large end" of the 1° 15' chord with the 
"small end" of the 0° 15' chord makes with the tangent through the 
"large end " of the 1° 16' chord is found above the heavy horizontal line 
of table in column marked at the head 1° 16', and in space marked on right 
0° 16', and it is 1" lli'. From this tangent, which is the tangent through 
the " large end " of the 1° 15' chord, or through the " small end " of the 
1° 80' chord, the deflections to continue the curve are found below the 
heavy horizontal line of table in column marked at the foot 1° 30', and 
they are 2Ji', 47', 1" 43', 2° 16' and 2° 49J'. 



\3« 






ot*: 



T^T^S^:^7h^J^- 









.IB."' 



aV^oH 



iiatffie "" ..old*'' .„,viS 









■1 



.a*"" 



cUO^' 






^'^"';a*?ri"oi;-;u.f°\^.*o. 



c\ioA !^bwi'" °"-bot»°; 






tVl6 



to 



Vea'i 






■oV*-- 



■tfiVV 



CrRVE BASEMENTS, 

-coarked at the foot 0" 15' and in apace marked on tt 
2° fi^i'. If an intermediate set up is used the angle: 
way to that already described. 

Case I. illustrates the ordinary joining of two tai 
any desired cui've eased by a similar transition curv 
plies where the exact point of curve and point of ta 
material consequence as other features of location a 

In making a "paper location," it may be necess^ 
the central part of an ea ed curve will lie. This ; 
correctly between the limits of the " central carvt 
tangents with a simple curve of the same degree 
''central curve." 

These parallel tangents will He inside the tai 
amount equal to the ' ' offset from tangent to end of 
easement and ' ' central curve " (see QE. , Plate I. ), h 

sine of f the "curvature due to compounding" ( - 
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CURVE EASEMENTS. 

ble to introduce an "intermediate curve" (joining easement and ]oca 
curve) which shall differ much in degree of curvature from the loca 
curve. 

The various modifications of the first problem of Case III. will, ho 
evpr, generally give data for eased curves which will relieve that difliculi 
somewhat and will not require material changes in the roadbed if jud 
ciously applied. 

It is important to observe in all the problems under Case III. that i. 
the line AB falls inside of the line AM instead of outside of that line, as 
shown, that the angle BAM becomes a negative quantity and is to be 
used as such in the formulas. 

Case I V . is difficult to apply only because the point E is hard to find 
in an old curve when a transition between the branches has been attempted 
by trackmen. It can be found near enough to its original pi).sition by 
establishing D on the lighter branch and B on the shari)er branch at suf- 
ficient distances from the supposed location of E and usin^ t)ie degree ol 
curvature of either branch to determine the exact degree of curvnt^'- 




CrRVE EASE.MEXT3. 

id the po-sition ot E, by the well known formnla which 
ins and extent of one branch of a. compound curve, 
th(i other branch and the controlling angles and dia- 

ise IV. is, in many instances, as valuable as those 
)r the siime pnrposss of turning trucks gradoally and 

consiateiitlv with degree of curvature. 
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ADVERTISEMBJiT. 



E APPLICATION OF SERVIS TIE PLATES 
TO SWITCH LAY-OUTS 

iiving', in till' ]>n>vio;is rlinpti-rs, iliagmnis and tables, ^ivon de- 
inHrnictioiis for tlie acciirittt laying out ar.d proper i)utting in of 
us. we herein piesent a few liiiit.s as to how, under tlie heaviest 
, willi little exiieiisc fur labor, llie good wcu'k can be made to stand, 
is lo ihe iiennaiiency of ilie work that the consi'lenitioiis of safety, 
ncy and ccfinoniy relate. 

1 oiii' swirchiiig yard^;. the lalxir i.f tiack lepairs is very costly. The 
'iicy of ir.iiiis restdls in cuiisiarit iiileii'iiption to Ihe tracktufu, and 
nly be d.Kie at the exhease of delay to tialli<-. which 
f fraiiunen. the ballast HI ling in 
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yards is kept full np, thus impairing the surface drainage of same, which 
tends to' keep the ties soft, and more liable to cut, while the deficient 
drainage leads to the churning of the ties, which is aggravated by the 
cutting of rails. The labor of changing switch seta in our busy yards, by 
accurate records kept, costs from bOc. to more than $1.50 per tie. 

The conditions above stated all tend to that general looseness of 
parts which characterizes the tracks of many of our leading yards and 
makes constant tinkering necessary to preserve safe, when reasonably 
good track at less cost for labor could be obtained. 

Wher.? physical conditions are unfavorable and work on track is sub- 
ject to constant interference of traffic, as in yards, the appliciitioii of de- 
vices which supjilement and afford a substitute for labor add greatly to 
the efficiency and economy of maintenance. It is this expeiicnce whicli 
has led many lines to adopt the Servls Tie Plates for the proiertion of ties 
in switch lay-outs and switching tracks, and thereby better ti'ai^k hasbeen 
attained at greatly reduced cost for both labor and niateilal. Switch sets, 
which formerly cut out in eighteen months and two ywiis, have been pro- 
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A DPS RTIS EM E NT. 

plates for more than tliree years and give promise of con- 
uiilil decay, 

H ri-uilfr tlie use of rail braces unDeceasary ; they hold thai 
■iiti'l till' i"iil does not cant or cut into the tie, while, 

!!■ ('ii1liiij;-iii of the tie, ihe pTimpiny action of the rail is 
he eliriniiiif,' of ties is minimized. These considerations will 
;t till: saviiifT oC l;ibor resiiltinfr from their nse. viz. : lessfre- 
;;orii(-s, no jiilziTij^of liij.s or rolling ut> of mils, while re- 

(inls iIm- liff of tirs ;iiiil switch iind frog sets can be pro- 
ir' ii;ilni;il li\f'^, ;l^ Hit- ti>-s ;ii'i' iirolwted from the cutting 
ijiii iiii'l fri>i|iHrit spiking' for I'cgaiiging i.s avoided. The 
]ij(-M'ivc(l hy linldiiij;' liiciii per]i(.'ndi<;ular to the jdane of 
i.-li [iir;iiis till' cxci'ssiir s'uh; hfiid wear iH prevented In 
is, ;i i^viiriid sdviii;;- in liibor ;iinl iii;i1.'ri;il is secured by the 
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Plates slioiikl be driven home when applied, and a tool for this wiirk 
is furnisLed ar cosf. 

Upon application to the (.}. & ( '. Oaiiijiany, of Chicago and New York, 




who are the manufacturers, references will l)eji:iven roverint; any ii]'l'li''' 
tion ilesired, viz.: to switcli and frog sets, yard curves, unilei' phiukirii;' i 
street crossings, station platforms, etc., and for general yard jiurposes. 
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ELLIOT FROO & SWITCH CO.. 

EAST ST. Lours, ILLS. 

"EUREKA" SPRING RAIL FROG 

At..-, 




STEEL CLAMP FRQC 
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WEIR FROC CO 'S THREE-THROW SPUIT SWITCH WITH LOW STAND 



WEIR FROG CO., 

CINCINNATI 

We illustrate here tliB s i | riL 

or a Three Throw Split S t , 

lull strength of switch ra n 

Blotting f r Sw tch Rods \ ■ ; i.,- 

Rods proMde easy ind posiLiit a.iIju'iLii uut of 
Switch r Ills 

Theonlj airan^Giuent ft tins ^le\^ce operated 
bv a Siufcle Lt w Tdr^et Gr iii I Tlir w Stiiid. 

Adjustable Split Switch 
lmprn\ ed Spring Frogs. 
Bulled and Clamped 

Rigid Frogs. 
AuHimatic Clutch. 
ks'^ spring Snitch 

S id llie Formed 

Rdil Braces. 
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Hussey, Jjinns & Co., 

LIMITED. 
Pittsburg, Pa. 

TRAGK • SHOVELS. 



JOSEPH p. HcCOV CO. 

JIM GROW RAIL BENDER 

Five Sizes in Slock for 20 lo 90 lb. Sleul Rails. 

HVhRAUI.iC RAIL BHNDLRS 
TK.lCk- i-V .u;/.S J.\/> 77,' U K /./J-h/.S. 

"..CM STREET ■ NEW YORK. 
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THE TRUSS RKIL- JOINT 



References by 

Pennission : 
C. & N. W. RY. 
C. M. & ST. P. RY. 
C. ST. P. M. & 0. RV. 
F. & P. M. RY. 

IT COMBINES STRENGTH AND FLEXIBILITY. 

S EVEN YEARS practical test of 5 Miles of tlu-se Joints prov.s th.it it 
adds 25 per cent, to the LITE of the Rails,- and redu.es eost cf mainten- 
ance of Joints 40 per cent. 

THE TRUSS RT^IU JOINT CO., 

H. H. McDUFFEE. Ccneral Sales Aeent. I 1 1» Marquette [Juiliiini;, Cliicatvo, 111. 
Orderi, 1896: SVs miles-aO.OOOjointa. C. 4 N W., 36 milea ; Mich. Cent., 27i-; miles; 
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IRON CITY TOOL WORKS, Limited 
M.yn.^r Jtaijdard l^ailroad Jracl^ J00I5 



Best Quality lllilll ., , ^ - ^' I C"r«K» i<"t to»K 



P' J 



Best Work lllllli 

Best Result 
IN TRACK TOOLS 

fEUREKApatpece qa? ^ 
Try EUREKA on Track Joints, Rr 1 1 1 1 

EUREKA NUT LOCK COMPANY 

SAMP..M FPBKi^nRi. r.^ Arn.w.T,^. Pittsblirtill, Pa. 



R ICHARD DUDGEON'S Latest ImmoTed 
n^ • Jlydrauliejael^s, puijrl^es ?ratjl(-pi[) presses 




RICHARD DUDGCO^, 



24 Columbia Street, New York. 



